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(54) OPERATIONAL AMPLIFICATION CIRCUIT 

(57) Abstract: 

PURPOSE: To reduce the power consumption and to 
perform the operation at a high speed by outputting a 
large current in the case of charging/discharging of a 
load capacity and outputting a small current in the other 
case of the normal state. 

CONSTITUTION: A current mirror circuit consisting of 
pMOS transistors TRs PT17 and PT18 is arranged in the 
succeeding stage of a differential amplifier in the first 
stage, and the output of this differential amplifier is 
supplied to the gate of an nMOS TR NT14, and the 
current mirror circuit current is used to supply a current 
to the output stage side by a current mirror circuit 
consisting of pMOS TRs PT15 and PT16. A constant 
current source of a pMOS TR PT19, which supplies an 
idling current 119 to an output terminal TOUT is 
provided. Consequently, the large current for output 
discharging flows to only the output stage because of 
the class AB operation, and the unnecessary current is 
reduced. Thus, the operation is performed at a high 

speed with low power consumption. Further, the DC operation in the steady state or at the time 
of switching to this state is stabilized without taking characteristics in the vicinity of the 
threshold voltage of the TR PT16 into consideration, and the production process doesn't 
require the strict control. 
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[Claim(s)] 

[Claim 1] The operation amplifying circuit 
characterized by providing the following. The 1st 
current source which supplies the 1st and 2nd current in 
proportionality. The 2nd current source which supplies 
the 3rd current. The constant-current means which sets 
constant the addition current of the 2nd current of the 
above, and the 3rd current of the above. The 1st 
transistor which charges or discharges an outgoing end 
with the current proportional to the 3rd current of the 
above, The 2nd transistor which embraces an input 
signal, and discharges or charges the above-mentioned 
outgoing end, The 3rd transistor which controls the 
current value of the 1st current of the above by the 
relation proportional to the current which flows to the 
2nd transistor of the above according to the above- 
mentioned input signal, and the 3rd current source 
which supplies the 4th current to the above-mentioned 
outgoing end at the time of the steady state which it is 
at least at the non-charge-and-discharge time. 
[Claim 2] The operation amplifying circuit 
characterized by providing the following. The 1st 
current source which supplies the 1st and 2nd current in 
proportionality. The 2nd current source which supplies 
the 3rd current. The constant-current means which sets 
constant the addition current of the 2nd current of the 
above, and the 3rd current of the above. The 1st 
transistor which charges or discharges an outgoing end 
with the current proportional to the 3rd current of the 
above, the 2nd transistor which embraces an input 
signal, and discharges or charges the above-mentioned 
outgoing end, the 3rd transistor which control the 
current value of the 1st current of the above by the 
relation proportional to the current which flows to the 
2nd transistor of the above according to the above- 
mentioned input signal, and a restricting-at time of 
electric discharge-upper limit of 1st current of the 
above circuit. 

[Claim 3] The operation amplifying circuit 
characterized by providing the following. The 1st 
current source which supplies the 1st and 2nd current in 
proportionality. The 2nd current source which supplies 
the 3rd current. The constant-current means which sets 
constant the addition current of the 2nd current of the 
above, and the 3rd current of the above. The 1st 
transistor which charges or discharges an outgoing end 
with the current proportional to the 3rd current of the 
above, The 2nd transistor which embraces an input 
signal, and discharges or charges the above-mentioned 
outgoing end, The 3rd transistor which controls the 
current value of the 1st current of the above by the 
relation proportional to the current which flows to the 



2nd transistor of the above according to the above- 
mentioned input signal, The 3rd current source which 
supplies the 4th current to the above-mentioned 
outgoing end at the time of the steady state which it is 
at least at the non-charge-and-discharge time, and the 
circuit which restricts the upper limit of the 1st current 
of the above at the time of electric discharge. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the 
operation amplifying circuit applied to for example, a 
liquid crystal device etc. 
[0002] 

[Description of the Prior Art] The source drive IC of a 
TFT (Thin Film Transistor) type liquid crystal device 
carries out sample hold of the analog input, buffers the 
voltage by the operation amplifying circuit by which 
voltage-follower connection was made, and is driving 
the source of a TFT type liquid crystal device. A circuit 
scale needs to be small by the many channelization 
which the operation amplifying circuit used here must 
be able to drive the capacity of hundreds of pF which a 
liquid crystal panel has at high speed, and is followed 
on enlargement of a liquid crystal panel. In fact, at least 
one operation amplifying circuit is used for each 
channel. 

[0003] Drawing 8 is the circuit diagram showing the 
example of composition of the conventional CMOS 
operation amplifying circuit. In drawing 8 , in PT11- 
PT16, a pMOS transistor, and NT 11 -NT 13 show 111, 
and a nMOS transistor and 112 show the current source, 
respectively. 

[0004] The sources of the pMOS transistors PT11 and 
PT12 are connected, the source of the pMOS transistors 
PT13-PT16 is connected to the supply line of supply 
voltage VDD, and the source of the nMOS transistors 
NT 11 -NT 13 is connected to the grounding line. The 
drains of the pMOS transistor PT 11 and the nMOS 
transistor NTH are connected, and the node ND 11 is 
constituted. Moreover, the drains of the pMOS 
transistor PT 12 and the nMOS transistor NT12 are 
connected, the gates of nMOS transistor NTH **** 
NT 12 are connected, the connection middle point of 
these gates is further connected to the drain of the 
nMOS transistor NT 12, and the differential amplifier of 
the first rank is constituted. The node ND 11 which is 
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the output of this differential amplifier is connected to 
the gate of the nMOS transistor NT13. The drains of 
the pMOS transistor PT 16 and the nMOS transistor 
NT 13 are connected, the output amplification stage is 
constituted, the output side node ND 12 is constituted 
by the connection middle point of these drains, and this 
node ND 12 is an outgoing end TOUT. It connects. 
[0005] Moreover, the gates of the pMOS transistors 
PT13 and PT14 are connected, the connection middle 
point of these gates is connected to the drain and 
current source 111 of the pMOS transistor PT 13, and 
current Miller circuit is constituted. And the drain of 
the pMOS transistor PT 14 is connected to the 
connection middle point of the sources of the pMOS 
transistors PT11 and PT12 which constitute the 
differential amplifier Thereby, a constant current is 
supplied from current Miller circuit to the differential 
amplifier. Similarly, the gates of the pMOS transistors 
PT15 and PT16 are connected, the connection middle 
point of these gates is connected to the drain and 
current source 112 of the pMOS transistor PT 15, and 
current Miller circuit is constituted. A constant current 
is supplied by this current Miller circuit to the output 
amplification stage. 

[0006] and the first rank - the gate of the pMOS 
transistor PT 11 of the differential amplifier is 
connected to the input edge TIN of Signal IN, and the 
gate of the pMOS transistor PT 12 is connected to the 
output side node ND 12 the first rank — since a 
noninverting input is constituted by the gate of the 
pMOS transistor PT 11, a reversal input is constituted 
by the gate of the pMOS transistor PT 12 and the 
reversal input is connected to the output, the differential 
amplifier is the amplifier of gain "1" Moreover, 
between the gate of the nMOS transistor NT 13 of an 
output stage, and the drain, the capacitor Cll for phase 
compensation is connected. 

[0007] The CMOS operation amplifying circuit of 
drawing 8 is VOUT of the input applied voltage VIN 
and this voltage. It outputs. And since the output stage 
is driven by the constant current, this operational 
amplifier carries out Class A operation. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, 
although what also has a high-speed operation 
amplifying circuit is needed with enlargement of a 
liquid crystal panel, and high-resolution-izing, by the 
CMOS operation amplifying circuit of drawing 8 , 
speed will be determined by the constant-current value 
by the current Miller circuit which consists of pMOS 
transistors PT15 and PT16, and although electric 
discharge can do load-carrying capacity at high speed, 
charge must enlarge a constant current, in order to 
make it high-speed. This current carries out the charge 



up of the load, and in order for the steady state or later 
to which output voltage became equal to input voltage 
to always continue flowing, the consumed electric 
current becomes large. 

[0009] Then, in order to solve this problem, the circuit 
which connected the amplifier for charge as shown in 
drawing 9 , and the amplifier for electric discharge in 
parallel is proposed. However, in this circuit, it is the 
amplifier AMPA for charge. Amplifier AMPB for 
electric discharge Switch SW11A for changing, 
SW12A, SW11B, and SW12B It is needed, and since 
two amplifier is required for every channel, there is a 
problem of causing enlargement. 

[0010] It is in offering the operation amplifying circuit 
which the purpose can aim at improvement in a 
working speed, and can also attain low-power-ization 
by making this invention in view of this situation, and 
can prevent enlargement. 
[0011] 

[Means for Solving the Problem] In order to attain the 
above-mentioned purpose, the operation amplifying 
circuit of this invention The 1st current source which 
supplies the 1 st and 2nd current in proportionality, and 
the 2nd current source which supplies the 3rd current, 
The constant-current means which sets constant the 
addition current of the 2nd current of the above, and the 
3rd current of the above, The 1st transistor which 
charges or discharges an outgoing end with the current 
proportional to the 3rd current of the above, The 2nd 
transistor which embraces an input signal, and 
discharges or charges the above-mentioned outgoing 
end, It has the 3rd transistor which controls the current 
value of the 1st current of the above by the relation 
proportional to the current which flows to the 2nd 
transistor of the above according to the above- 
mentioned input signal, and the 3rd current source 
which supplies the 4th current to the above-mentioned 
outgoing end at the time of the steady state which it is 
at least at the non-charge-and-discharge time. 
[0012] Moreover, the 1st current source which supplies 
the 1st and 2nd current which the operation amplifying 
circuit of this invention has in proportionality, The 
constant-current means which sets constant the addition 
current of the 2nd current source which supplies the 3rd 
current, and the 2nd current of the above and the 3rd 
current of the above, The 1st transistor which charges 
or discharges an outgoing end with the current 
proportional to the 3rd current of the above, The 2nd 
transistor which embraces an input signal, and 
discharges or charges the above-mentioned outgoing 
end, It has the 3rd transistor which controls the current 
value of the 1 st current of the above by the relation 
proportional to the current which flows to the 2nd 
transistor of the above according to the above- 
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mentioned input signal, and the circuit which restricts 
the upper limit of the 1st current of the above at the 
time of electric discharge. 
[0013] 

[Function] According to the operation amplifying 
circuit of this invention, the 1st current, the 2nd current, 
and the current that flows the 2nd transistor are in 
proportionality. Since the current which is fixed as for 
the addition current of the 2nd current and the 3rd 
current, and flows the 3rd current and 1 st transistor is in 
proportionality If the flowing current increases the 2nd 
transistor, when the 1st current and the 2nd current 
increase, the current which the 3rd current decreases 
and flows the 1st transistor will decrease. On the other 
hand, if the current which flows to the 2nd transistor 
decreases, when the 1st current and the 2nd current 
decrease, the current which the 3rd current increases 
and flows to the 1st transistor will increase. That is, this 
circuit carries out the charge and discharge of the 
outgoing end in AB class operation. 
[0014] And at the time of a steady state at least, the so- 
called idling current is supplied from the 3rd current 
source to an output terminal. Here, if the case where the 
3rd current source does not exist is considered, you 
have to pass the very small current which is equivalent 
to idling current in this case at the time of a steady state 
with the 1st transistor. In order to raise the speed of a 
rise of the output voltage at the time of electric 
discharge, i.e., a slew rate, originally, the transistor size 
of the 1st transistor is set up so that it may become 
large. In order to pass very small current with the 1st 
transistor at this time, you have to make it the 1st 
transistor have to operate near the threshold voltage. 
This means a bird clapper very [ in circuit ] unstably, 
when the threshold voltage of the 1 st transistor varies 
by the condition of a process. On the other hand, it is 
possible to make it operate stably in the 3rd current 
source existing, without taking into consideration the 
property near the threshold voltage of the 1st transistor. 
[0015] Moreover, at the time of electric discharge, the 
upper limit of the 1st current is extremely large, a bird 
clapper is restricted, and the consumed electric current 
is suppressed at it. 
[0016] 

[Example 1] Drawing 1 is the circuit diagram showing 
the 1st example of the CMOS operation amplifying 
circuit concerning this invention, and the same 
component as drawing 8 which shows the conventional 
example is expressed with the same sign. Namely, for a 
nMOS transistor and 111, a current source and CI 1 are 
[ a pMOS transistor, and NT11-NT15 / PT11-PT19 ] a 
capacitor for phase compensation, and CL. Output 
load-carrying capacity is shown, respectively. 
[0017] The current Miller circuit which becomes the 



latter part of the differential amplifier from the pMOS 
transistors PT17 and PT18 is arranged, the first rank 
[ in / a circuit / conventionally which is shown in 
drawing 8 in this circuit ] - The output of the 
differential amplifier is supplied, the gate of the nMOS 
transistor NT 14 — the first rank - It is constituted so 
that current may be supplied to an output-stage side by 
the current Miller circuit which consists of pMOS 
transistors PT15 and PT16 using the current which 
flows to the above-mentioned current Miller circuit. 
Furthermore, the pMOS transistor PT 19 as a constant 
current source is connected between the supply line of 
supply voltage VDD, and a node ND 12 (drain of the 
pMOS transistor PT 16), and it is constituted so that 
idling current 119 may be slushed into a node ND 12. 
Moreover, the gate of the pMOS transistor PT 19 is 
connected to the supply line of a constant voltage VB 1. 
[0018] The source of the pMOS transistor PT 17 and 
the pMOS transistor PT 1 8 is connected to the supply 
line of supply voltage VDD, the gates of the pMOS 
transistor PT 17 and the pMOS transistor PT 18 are 
connected, the connection middle point is connected to 
the drain of the pMOS transistor PT 17, a node ND 13 
is constituted and this node ND 13 is connected to the 
drain of the nMOS transistor NTH. And the drains of 
the nMOS transistor NT 15 are connected with the drain 
of the pMOS transistor PT 18, a node ND 14 is 
constituted and this node ND 14 is connected to the 
drain of the pMOS transistor PT 15, the gate, and the 
gate of the pMOS transistor PT 16. A node ND 14 is 
connected to the drain of the nMOS transistor NT1 5, 
the source of the nMOS transistor NT 15 is connected to 
a grounding line, and the gate is connected to the 
supply line of a constant voltage VB 2. That is, a 
constant current is generated with the nMOS transistor 
NT 15. Furthermore, the source of the nMOS transistor 
NT 14 is connected to a grounding line, and the gate is 
connected to the node ND 1 1 . 

[0019] Drawing 2 is the circuit diagram showing the 
example of composition of the constant- voltage supply 
circuit 100 which supplies constant voltages VB1 and 
VB2 to the gate of the pMOS transistor PT 19 as a 
constant current source, and the nMOS transistor NT15. 
[0020] This constant- voltage supply circuit 100 is a 
resistance element R101, the pMOS transistors [ PT / 
PT and / 102 ] 101, and nMOS transistor NT101 - 
NT 103, as shown in drawing 2 . It is constituted. 
Resistance element R101 And the nMOS transistor 
NT101 and the pMOS transistor PT 101 And the nMOS 
transistor NT102, the pMOS transistor PT 102, and the 
nMOS transistor NT 103 It connects in series between 
the supply line of supply voltage VDD, and the 
grounding line, respectively. And resistance element 
R101 nMOS transistor NT101 The connection middle 
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point with a drain is the nMOS transistor NT101. And 
NT 102 It connects with the gate. Moreover, pMOS 
transistor PT 101 And the connection middle point ND 
101 of the drains of the nMOS transistor NT102 pMOS 
transistor PT 101 And PT102 It connects with the gate, 
current Miller circuit is constituted, and the potential of 
this node ND 101 is supplied to the gate of the pMOS 
transistor PT 19 as a constant voltage VB 1. Moreover, 
pMOS transistor PT 102 And nMOS transistor NT 103 
The connection middle point ND 101 of drains nMOS 
transistor PT 103 It connects with the gate and is the 
connection node ND 102. The shell constant voltage 
VB 2 is supplied to the gate of the nMOS transistor 
NT15. 

[0021] Next, the current which flows to the drain of the 
nMOS transistors NT13, NT 14, and NT 15 is explained 
focusing on the flow of current about operation 
according the current which flows to 113, 114, II 5N, 
and the pMOS transistors PT17, PT18, PT15, PT16, 
and PT19, respectively to the above-mentioned 
composition respectively as 117, 118, II 5P, and 116 and 
119. 

[0022] First, VIN>VOUT when the gate voltage of the 
nMOS transistor NT 13 of an output stage falls and it 
charges an output load A case is explained. In this case, 
a node ND 11 is mostly set to grounding level (0V), 
and cuts off the nMOS transistors NT14 and NT13. 
And a node ND 1 3 approaches VDD level in potential, 
and the current 117 which flows the pMOS transistor 
PT 17 is almost set to 0. 

[0023] The current 118 which flows to the drain of the 
pMOS transistor PT 18 since the pMOS transistor PT 
17 and the pMOS transistor PT 18 constitute current 
Miller circuit is proportionally given to the ratio of the 
transistor size of the pMOS transistor PT 17 and the 
pMOS transistor PT 1 8 by the following formula. 
[0024] 
[Equation 1] 

118= {(W18/L18 )/(W17/L17)}, 117 - (1) [0025] Here, 
W18 and W17 show LI 8, and the channel width of a 
transistor and L17 show the channel length of a 
transistor, respectively. However, as mentioned above 
in this case, the current 118 to which the current 117 
which flows the pMOS transistor PT 17 almost flows 
from 0 and a bird clapper to the pMOS transistor PT 1 8 
at a drain is also set to about 0. 

[0026] Current II 5N which flows to the drain of the 
nMOS transistor NT 15 Since it is fixed, it is II 5P 
=11 5N. It becomes and is current II 5N. It flows to the 
pMOS transistor PT 15 about 100%. Moreover, since 
the pMOS transistor PT 1 5 and the pMOS transistor PT 
16 constitute current Miller circuit, the following 
formula is materialized. 
[0027] 



[Equation 2] 

I16={(W16/L16 )/(W15/L15)} and I15P 
={(W16/L16 )/(W15/L15)} and I15N - (2) [0028] 
From these things, it is an output terminal TOUT. 
Output current IOUT It is as follows. 
[0029] 
[Equation 3] 

IOUT =116+119 ={(W16/L16 )/(W15/L15)} and 
I15N+I19 - (3) [0030] At this time, the drain current 

113 of the nMOS transistor NT 13 and the drain current 

114 of the nMOS transistor NT 14 are about 0. 
Therefore, the drain current 118 of the pMOS transistor 
PT 18 increases, consequently the drain current 116 of 
the pMOS transistor PT 16 of an output stage increases 
with the increase in current 118. Thereby, charge of an 
output load is promoted. 

[0031] The value of idling current 119 with the pMOS 
transistor PT 1 9 as a constant current source at the time 
of this charge is about 4.8microA, and the drain current 
116 of the pMOS transistor PT 16 is about 280microA. 
[0032] Next, VDSKVOUT when the gate voltage of the 
nMOS transistor NT 13 of an output stage goes up and 
it discharges an output load A case is explained. In this 
case, if an input signal IN is supplied to the gate of the 
pMOS transistor PT 1 1 of the differential amplifier by 
the low near grounding level, it will become high, the 
gate voltage of the nMOS transistors NT 13 and NT 14 
will go up, and the drain current 113 and 114 of the 
nMOS transistors NT 13 and NT 14 will increase the 
level of a node ND 1 1 from the threshold voltage of the 
nMOS transistors NT14 and NT13. Here, the nMOS 
transistors NT 13 and NTH presuppose that it is the 
same transistor size. 

[0033] Thereby, current II 5P and 118 flow into a node 
ND 14 from each pMOS transistors PT15 and PT18 
which constitute current Miller circuit. Here, in the 
drain side of the nMOS transistor NT 15 with which a 
constant voltage VB 2 is supplied to the gate, it is 
constant-current II 5N. It flows. This constant-current 
U5N Drain current II 5P of the drain current 118 of the 
pMOS transistor PT 18, and the pMOS transistor PT 15 
which flow into a node ND 14 as shown in the 
following formula It becomes the sum. 
[0034] 
[Equation 4] 

II 5N =11 8+11 5P - (4) Therefore, [0035] 
[Equation 5] 

II 5P =I15N-I18 - (5) [0036] That is, current 118 is 
drain current II 5P of the pMOS transistor PT 15 since 
it increases with the increase in the drain current 114 of 
the nMOS transistor NTH. It decreases. 
[0037] It is drain current II 5P of the pMOS transistor 
PT 15 by setting up the transistor size of the nMOS 
transistor NTH and the pMOS transistors PT17, PT18, 
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PT15, and PT16 here so that following the (6) formula 
may be materialized. It is set to about 0. 
[0038] 
[Equation 6] 

I15N =118= {(W18/L18 )/(W17/L17)}, 117 - (6) 
[0039] In this case, drain current II 5P of the pMOS 
transistor PT 15 Since it is about 0, the drain current 
116 of the pMOS transistor PT 16 also decreases, and it 
is set to about 0. Consequently, output terminal TOUT 
The so-called suction current of a shell is set to (113- 
119), and electric discharge of an output load is 
promoted. 

[0040] The value of idling current 119 with the pMOS 
transistor PT 19 as a constant current source at the time 
of this electric discharge is about 2.7microA, and the 
drain current 116 of the pMOS transistor PT 16 is about 
OA. 

[0041] Next, output load CL VIN=VOUT when it is the 
steady state to which the receiving charge and 
discharge are not carried out A case is explained. In this 
case, output terminal TOUT I/O of current is lost and is 
set to 113=119. 

[0042] Incidentally, the value of idling current 119 with 
the pMOS transistor PT 1 9 as a constant current source 
at the time of this steady state and the drain current 116 
of the pMOS transistor PT 16 are the same as the case 
at the time of electric discharge, for example, it is idling 
current 119 about 2.7microA, and the drain current 116 
of the pMOS transistor PT 16 is about OA. 
[0043] Here, in the circuit of drawing 1 , the case where 
the constant current source which consists of a pMOS 
transistor PT 19 does not exist is considered. In this 
case, VTN=VOUT You sometimes have to pass the very 
small current equivalent to idling current 119 with the 
pMOS transistor PT 16. Original and VIN<VOUT In 
order to raise the speed of elevation of the output 
voltage at the time, i.e., a slew rate, the transistor size 
of the pMOS transistor PT 16 is set up to the pMOS 
transistor PT 15 so that it may become large. In order to 
pass very small current with the pMOS transistor PT 16 
at this time, you have to make it the pMOS transistor 
PT 16 have to operate near the threshold voltage. This 
means a bird clapper very [ in circuit ] unstably, when 
the threshold voltage of the pMOS transistor PT 16 
varies by the condition of a process. Therefore, it is 
possible to make it operate stably in the constant 
current source which consists of a pMOS transistor PT 
19 existing, without taking into consideration the 
property near the threshold voltage of the pMOS 
transistor PT 16. 

[0044] The simulation result about the circuit property 
of drawing 1 is shown in drawing 3 . As shown in 
drawing 3 , the circuit of drawing 1 can acquire an 
almost good amplification property. 



[0045] The current Miller circuit which becomes the 
latter part of the differential amplifier from the pMOS 
transistors PT17 and PT18 is arranged, according to 
[ as explained above ] the example of **** 1 - the first 
rank - The output of the differential amplifier is 
supplied, the gate of the nMOS transistor NTH -- the 
first rank - Current is supplied to an output-stage side 
by the current Miller circuit which consists of pMOS 
transistors PT15 and PT16 using the current which 
flows to the above-mentioned current Miller circuit. 
And output terminal TOUT Since the constant current 
source which consists of a pMOS transistor PT 19 
which receives and supplies idling current 119 was 
prepared Since not Class A operation but the so-called 
AB class operation is carried out, the high current at the 
time of output electric discharge can flow only to an 
output stage, and can decrease excessive current. There 
is an advantage which can realize the CMOS operation 
amplifying circuit in which high-speed operation is 
possible by the low power conventionally, without 
causing enlargement, this securing the same dynamic 
range as usual. Furthermore, stability of direct-current- 
operation when changing in a steady state and its state, 
without taking into consideration the property near the 
threshold voltage of the pMOS transistor PT 16 can be 
planned. For this reason, there is an advantage, like 
control becomes unnecessary in a manufacture process 
strictly. 

[0046] Moreover, the further low consumed-electric- 
current-ization is realizable by using Wilson type 
current Miller circuit as current Miller circuit. 
[0047] 

[Example 2] Drawing 4 is the circuit diagram showing 
the 2nd example of the operation amplifying circuit 
concerning this invention, and this circuit is the 
modification of an example 1. In this circuit, the 
transistor of an n channel is used for the polarity of 
each transistor instead of the transistor of a p channel 
by reverse, i.e., drawing 1 , and the transistor of a p 
channel is used instead of being the transistor of an n 
channel. 

[0048] Here, the explanation about a concrete 
connection relation and an operation is omitted from 
being carried out like the case of an example 1, and 
abbreviation. Also in this circuit, the effect of the 
example 1 mentioned above and the same effect can be 
acquired. 
[0049] 

[Example 3] Drawing 5 is the circuit diagram showing 
the 3rd example of the operation amplifying circuit 
concerning this invention. A different point from the 
example 1 which the example of **** 3 mentioned 
above is to have connected the gate to the supply line of 
a constant voltage VB 2, and have formed further the 
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nMOS transistor NT 16 as a current source for demand 
limiters at the time of electric discharge between the 
source of the nMOS transistor NTH, and the grounding 
line. 

[0050] When there is no nMOS transistor NT16, it is at 
the time of electric discharge, i.e., VIN<VOUT. The 
time, especially output voltage VOUT When extremely 
higher than VIN, the gate potential rises so that current 
with the big nMOS transistor NT13 can be passed. That 
is, big current will flow also to the nMOS transistor 
NT14 which has the same gate potential at this time. 
The following formula should just be materialized if 
fundamental operation is considered. 
[0051] 
[Equation 7] 

117 >={(W17/L17 )/(W18/L18)} and II 8=11 5N - (7) 
[0052] However, current 117 is I15N temporarily. It 
compares and becomes very big current. This is not a 
desirable thing from a consumed-electric-current- 
standpoint. Then, in the example of **** 3, the 
constant current source which consists of a nMOS 
transistor NT 16 in the meaning which restricts current 
117 is completely provided on operation that it seems 
that it is satisfactory. In addition, this constant current 
source is current II 5N. It is constituted so that large 
current can be passed somewhat. 

[0053] Since the constant current source of ** which 
makes the consumed electric current of the interior the 
minimum, without changing an operating characteristic 
was prepared according to the example of **** 3, in 
addition to the effect of the 1st example mentioned 
above, the consumed electric current of the whole 
circuit can be stopped further. 

[0054] The simulation result about the circuit property 
of drawing 5 is shown in drawing 6 . As shown in 
drawing 6 , although the circuit of drawing 1 can 
acquire an almost good amplification property, the 
circuit of drawing 5 can acquire a still better 
amplification property. 

[0055] In addition, although considered as the 
composition which adds the nMOS transistor NT16 as 
a current source for demand limiters at the time of 
electric discharge to the circuit in which the constant 
current source for idling current of drawing 1 was 
prepared with the composition of drawing 5 , even if it 
is the circuit which is not used together with the 
constant current source for idling current, it cannot be 
overemphasized that low consumed-electric-current- 
ization can be attained. 
[0056] 

[Example 4] Drawing 7 is the circuit diagram showing 
the 4th example of the operation amplifying circuit 
concerning this invention, and this circuit is the 
modification of an example 3. In this circuit, the 



transistor of an n channel is used for the polarity of 
each transistor instead of the transistor of a p channel 
by reverse, i.e., drawing 5 , and the transistor of a p 
channel is used instead of being the transistor of an n 
channel. 

[0057] Here, the explanation about a concrete 
connection relation and an operation is omitted from 
being carried out like the case of an example 1, and 
abbreviation. Also in this circuit, the effect of the 
example 3 mentioned above and the same effect can be 
acquired. 

[0058] Moreover, in each example mentioned above, 
although the MOS transistor was explained to the 
example, it cannot be overemphasized that the same 
output circuit can be constituted using a bipolar 
transistor. 
[0059] 

[Effect of the Invention] As explained above, the 
operation amplifying circuit of this invention operates 
in AB class operation, big current is outputted only at 
the time of the charge and discharge to load-carrying 
capacity, and since only small current is outputted in 
the steady state to which the charge and discharge to 
load-carrying capacity are not carried out, both a low 
power and high-speed operation are realized. Moreover, 
since it is not necessary to form the amplifier for 
charges and discharges, respectively, there is an 
advantage which can prevent enlargement of an 
operational amplifier. Moreover, stability of direct- 
current-operation when changing in a steady state and 
its state, without taking into consideration the property 
near the threshold voltage of the 1 st run JISUTA can be 
planned. For this reason, there is an advantage, like 
control becomes unnecessary in a manufacture process 
strictly. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the circuit diagram showing the 1st 
example of the operation amplifying circuit concerning 
this invention. 

[Drawing 2] It is the circuit diagram showing the 
example of composition of the constant- voltage supply 
circuit concerning this invention. 

[Drawing 3] It is drawing showing the simulation result 
of the circuit of drawing 1 . 

[Drawing 4] It is the circuit diagram showing the 2nd 
example of the operation amplifying circuit concerning 
this invention. 

[Drawing 5] It is the circuit diagram showing the 3rd 
example of the operation amplifying circuit concerning 
this invention. 



6/7 



JP09-018253A 



[Drawing 6] It is drawing showing the simulation result 
of the circuit of drawing 5 . 

[Drawing 7] It is the circuit diagram showing the 4th 
example of the operation amplifying circuit concerning 
this invention. 

[Drawing 8] It is the circuit diagram showing the 
example of composition of the conventional CMOS 
operation amplifying circuit. 

[Drawing 9] It is the circuit diagram showing the 
example of composition of the conventional CMOS 
operation amplifying circuit which has the amplifier for 
charge, and the amplifier for electric discharge. 
[Description of Notations] 

PT1 1-PT19, and PT1 la - PT16a - pMOS transistor 
NT1 1-NT16, and NTlla - NT19a - nMOS transistor 
C 1 1 and C 1 1 a — Capacitor for phase compensation 
II 1 and Ilia — current source 

* NOTICES * 

Japan Patent Office is not responsible for anydamages 
caused by the use of this translation. 
1 .This document has been translated by computer. So 
the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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* 3 (D asa $ &s&-r 3 % 2 <d aata £ . 

±E* 2 0aat<t±fEB 3 <DB3S<t a>»»«fllt-3et 

a-f £>m 1 <t> h7>vx^t, 

<D h7>vX^(t, 

msa 2 ] it«nflEi= a«k 1 & *tffli 24>wk* 
±eb 2 oasst ±e* 3 om$it ©auraac* - e <t 

±ES? 3 ©aSElcitfliJ L ai*ttS3fea*fcI*ft 

A*«*r*i:r±Eai***tt«*fcf*ft«-r*«2 
±EA*«#(cjScr±EIB2a) h^>s>x*i::3t*i£ 

mmzitm LfcB«-c±E* 1 a>B9K0>B3fcn$fflarr 
nknmiz±tim 1 a>a3f[©±«tt£*iH*-s<DB»£ $ 

±E* 3 OBSKCUtftl Lf-a;7St?£li*«^ 
a* *SM (& h7>vX^, 

A*«*=jti:r±Eai**tik«*fcttft«-r*ii2 

(Dh^>vX^<t. 

±fBA*<l^-KfS; C T±fBB 2<7> h7>vx^ icSMi* 
BSH=tt«LfcB«T?±E« 1 <Z>«3Sa)«S!E<6**i]»-r 

[M)a>B«ittKM] 
[0001] 



[0002] 

[tt*0>tt«] TFT (Thin Fi Im Trans istoiOfiXA? 
AVX(DV-XK7-f?lClt 7^Q^A;b£H*>^ 

fcBlPilRflBt=«J:U/<?7r 'J T F TUi^Hi 

IPMIBBl*. Si/U^^o^lp F<D§S£SiI 

4o SSH&ia** #?**;u(cs<Bifl0BJtJttiBB*< 

[0 0 0 3] B8fi. ^*(DCMOS;1lg:ii*SlElS&(DtS 

rt«*^-TlsJBB-eft*o B8i=£L^r. ptii-pt 

)6|±pMOS h7>vX*, NTll-NTl3(inMOS 
K7>yX^, in, I i2liaSSES**ih^*USLTl* 

[0004] pMOS PT11 fcctt/PTl2 

<DV— XH±A<J*H**L. pMOS h7>vX^PTl3 
- P T 16 <D V-XtfWlE VDD (Dtt$&^ -f >lCf£^£ 
*U nMOS h7>vX^NTll-NTl3(D7-XA<g 
*fe^-<>lCj£8?£;a-CU£o P MOSh7>vX^PT 
II fccfct/nMOS h^>v>X£ N Til CD Kl/-f>R±A< 

ttlKSiiry — Kndii i>mtfL2tixi*Z>o pM 

OS h7>vX^J P T12 fc<fctfn MOS h7>vX^N 
T12 (D KU-f >|H|±rf)<fgl|t**U nMOSh7>vX5f 
NT1I fcckt>NTl2(D^— h|S|±3&<}S«aF*L. ^bCC 
(D^r— h|Hl±(Dfgi^4 3 ^7!)<n MOS h^>vX$NTl2 

(D k \sj >iztmzhT®f9><»mmm^tfmmz*ix 

t^c ca)2Stti«B8(DdJ*-cfe-6y — KNDll (*nM 
OS h5>vX*NTl3(Z>y— Mc}g8J£;h,Tl^o p 
MOS K^>VX£ P T16 fe<t: 1/ nMOS h7>vX^ 
NT13(D KU-r>H±36<«tt**LTai**II«3&<«J«* 

*u co> Ku^r>Ri±(Dft«+jjS(Ccfcyai*«y- kn 

D 12 £*U CO)/— KNDl2/)<ai^liST0UT (C» 

[0005]^:, pMOS h^VvX* PTl3fccfct/ 
P TU(Dy- hH±A<fttt**U ZO)?— hp]±<Dfg*S 
+fi^pMOS h^V^X* PTi3(D Kb-fyfc^t/l 
9KX I it \z}£ffi£*i-ct> U> K5^— EgS^ffi^^^T 

l^^o f Lt, pMOSh7>yX^PTH0K^> 

A<M»igra§g£«j£-f £ p mos h^>^x* ptii te 
r^a;jS7b<«*&^*x4 0 |s]t§ic s pmosk^vvx^ 

PTl5j3J:t;PTl6<Dy— hH±36<»tt**L. C(D>f— 
hl^±<Df£^*/£A<p MOS h5>i/X£ P Tl5(D K L/ 
-f >*5«fctfa3tSB I 12 (C»«**IT * L/> h 5 ^-£eJ£& 

2 ftn^o -(D* Lx> ks^— assies yai^ 

[0 0 0 6] f LT, tOfiBEfittiSMBtDpMOS h^> 
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*U pMOS h^>v^5» PTi2 0>y— hA<Ul*«y — 
KNDi2lC&«<**iTl*£o tD»SK|it(BSa. pMO 
S h7>vX$ PT11 <D^—Mc<fcy 
£*U pMOS h^>vX£ PTi2(7>^— hlCcfcUJge 
AJitWSjSSJu SIEA*A<ai*Cc»«**tri^*Ci: 
y-f > r 1 j (MtBSJtttoTl**. ffl* 
S0>n MOS h7>vX^ N T13 <T>f— htKl/-f>t 

[0 0 0 7] H8(DCMOS;1lg:ii*S|plK(i> A^EP*P 

miEviN <t^m/EcDvouT *ta*-r*o fit, 

[O O 0 8] 

Otf&mzU-oX < El8(DCMOS;1l»litSlslSS 

S PT15. PT16*^6&4*U> 

[0 0 0 9] C(DPp^S*»*-r^>fcA6ir. 09 

sfflii*ss§AMPA ti&mmmz&AMPB tt«y» 

*_£fc#>CDX-f ^SWllA , SW12A . SW11B , S 

wi2B «?y % ftfv^^i:29©» 

[0 0 10] ^aftftlcfiS^-CfcSftfc* 

[0 0 1 1 ] 

[iSgSl£#jfcTrSfcit>©#8:] ±IHBW 
*K ifcJMCDXftiMIBmU:. J±«(lli«(=&*SB 1 *S«fc 

t;»2(o«a[S«ift-r*3(!i©«8iuii:. *3«>«a* 
■a -rase -t«Bft3 

SSfcli£^-f 6ft2© h7>vX5t, ±SEA*lft^§- 
l=JSi:T±IBft2© h7>vX^lc3S^.^>aj3S(cJt<5!lL 
fcH«-<?±fEft 1 ©a3S©S35«**lffli-r*»3© 

i=. ±cd]Atti=ttLff 4 3 ©«sk 



[0 0 12] *«w©Xft*MHEfti*. tt«H« 
lefc-Sft 1 fc<fcl/ft2©m3it£tt*STSft 1 ©ft3!t3S 
t. ft3©BSK£tt£-*-*ft2©*3RX£. ±SEft2© 
SiJSi: ±IBm 3 ©S3S<t ©*Og:mi35£-Si:-r -S^miJS 

r±isai*i4S$)as*fci±3ts-f -am 2© h^>vx* 

+iSS3SI=l±ff"] LfcM«-e±IBft 1 oasKttVffittSM 
f»-f-5ft3© h7>5?X*t, !SSB#K-tfEft 1 ©^ift 
0±IMl*MIB-*-«a»£ «. 
[0 0 13] 

[fMH *#&BJJ©;Htlii<S@S&(::j:*Uf. ftl©S3S«t 
ft2©mjJ&<kft2© h^>vX*£3S;K&ma4(±]t0iJ 
■fEKfciJ. £2©S3Sfc£3©S3ffc©iO*«3Sl*- 

3Si:lilt<5iJ^ffilcfc-S©T?s 12© h5>i?X$t*ai*L 
•&Bai*<£*IJ-f -54, 11 ©m3Sfc«fctfft2©gjJS;!»<i§ 
Jnf « c t l=«fc y ft 3 ©ftafE*<»'> ITS 1 © h ? >5? 
X^t*ft*i<5ft3il*<a'>-r*. c4xlc»LT, ft2©h- 

7>yx*i=ai+t-5ft3SA<aiJ>-r-6t, ft 1 ©ass*** 

ft 2 ©ftStt*<*g'>f 5 c 4 (=«fc y ft 3 ©ft9KA<4Ma L 

rft 1 © h7>i>x^i;satL«>s3SA<ii*a-r*. 

*>, c©@ESii, AB&Mtt-ett]2]«||£%tt«-*-«. 
[0014] tut. < ttm^mmzit, ft 3 

©S2t*A^m**ai^l=*fLTL>^<57 , -f K'Ji/^ft 
3il*<«ilS*+i-5. CCT?. ft3©ft3SSA<#ttL£l*iS 

K'j ><fa3Si=ffia-r-6»'>ft3S*ft 1 © i-^^x* 

HE©±#©X tf — K, -r<ft>^x;u— U— K^S^Sfc 

»(=, fti©^>i>x$©H5>v>;*$+>--fx*i*:*# 

<«p**3i::t*J6S*i.*. c©,t#, «*'>ai?S£ft 1 © 
h7>vX$(::<fcoT3S-f fc-fcl-li. ft 1 © K^>i>X 
* I* L # L^ftftlEifi« -eib^-r -S J: 3 1= L Ittitftt 6. 
ftLN„ zrociii, ^a-bx©3 3 »=«fcy ft 

1 © h^>v**©L£tNfgSE*<(f t.olNfcii^ U 
T. ft3©^3Sli*<?¥S-r-l)Ct-e. ft1©h^>i?x 

[0 0 15] *fc, 8tm#<=. ft 1 ©B3S©-hEffiA<« 

[0 O 1 6] 

mmmM am. c mo sajntwia 

»©ft 1©HJ6<5>]^*-rislKI2l-C*feoT. 

H8tHi-«i*»#i*n-*#**oTa*-. r«t4? 

*>. PTll ~PTl9lipMOS h7>vX$, NTll~ 
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NTl5(4nMOS h5>S>X£. I 11 f^Uffi/DjU Cll 14 

[0017] *HgSt?li. 0 8lc^^[si»(cfcMt4 

ttSSMJiMBafeKlC pMOSh7>vX^PTl7, 
PTl8^bfc£2) U> hS7" @&&rf><iag£*U nMO 

s h^>vxs NTi4(D>f- Hctos£nJ8HS0>ttJ* 

LTpMOS h7>v^$ PTl5fcJ:t/PTl6^e>*S 

— KND12 (pMOSh7>V^^PTl6(»KK» 
ir^PeKc^m^i: LTOpMOS b^>v>X$ P Ti9 
£J$*SLT. y-KNDi2lCT-f KU>^«ai I 19 £3S 
L&fr£5(::ffi/*£ftTl^o P MOSh7>V 
X* PTl9©y— hl*g«ffiVB1 <D{ft$S^>T>(::f£SS£ 

[0018] pMOS h7>vX^PTl7fcJ;i;pMO 
S h7>vX^i PTi8(DV— X*><^;T^I±Vdd<D<£$£^ 
-f>l:^i^k pMOS h7>vX^ PTnfccfctfp 

MOS h7>vX^« PT18<D^— hl^±7WMSc£*U 
(?)S^WpMOS h^>V>X$ P T 17 0) KU-f >IC 
»«**LT/— KNDl3*<ffij££*U Z-OJ — KN Dl3 
A<nMOS h^>^X*NTl4<&KU^>|rfg$g£;ttT 
^-Lt, pMOS h7>vX^PTl8^)Kl/'f> 
£ nMOS h7>vX^ NTl5tf> K >IH]±ri<J£^£ 
tlTy— KN Dl4*>MifJilt£*U CO/— KN Dl4 7b<pM 
OS h7>vX^ P TI5(D K h, mS 

Cpmos h^>ixx^ p Tieoy— h(cgsis^^rt> 

£ 0 y* — KN Du (in MOS K ^ >v>X£ N T 15 <F> Kb 
>f>l:ig^, nMOSH7>yX^NTl5 0)V-X 

^>l::««S*lTl^*o "T*::b*>* nMOSh^VvX 
*NTl5lC«fcy£»3[*<»£S*l4o 2b(C. nMOS 

h7>vX$ NTuOV— Xl4&ife^>f VlC&JS^tu 
h*V - KN Oil lc»H**Lr L^o 

[0 0 1 9] H 214. LTOpMOS h7> 

VX£ PTl9fc^(/nMOS h7>vX^ NTl5<7>y— 

hlc^sm vbi , VB2 «S«EttttlelB 1 0 0 

[0 0 2 0] CKDSWEflMftElRl 0 0(4. 0 2|:^t 
cfc^lC. JgtnJft^RlOl . P MOSh7>vX^PT 

I 18 = { (W18/L18 ) / I 

[0025] :c*e, wis, wn 14 h'y^isXZOT* 

*JUB. L18. L17I4 K5>^X^(D7F-V^;U^:*^tt 

(C % pMOS h7>vX^ P T17 £3S*l&^;7S 117 (4(5 
<fcA,<!: Ottt&^tfr*. P MOSh7>vX^PTi8 
ic KU-f >lcflE*i««St 1 18 *il5l£0££«o 
[00 2 6] nMOS h7>vX^ NTl5(D Kb-f >(C 



101 . PT102 „ fccfcl/n MOS h7>yX^ N T101 
-NT103 iZ&VmmZtiri^&o ffiSt^RlO! fc£ 
t/n MOS h7>/X^ N T101 . pMOSh^>vX 
£PTl01 fcd;t/nMOS h7>yX^NTl02 „ pM 
OS h7>yX^ P T102 te&TSn MOS h7>yX^ 

>r ^komizmmizt&sstztiTi^o fir. setm^ 

Rioi tnMOS h7>yX^NTloi O K U^f l/t(D 
tttft^Aft*. nMOSK7>vX*NTl01 fcWNT 

102 oy- H^ttMSfi-ci^o p mosk^> 

VX£ P T 101 fiil/nMOS h7>yX^ N T 102 CO 
Kb-< >|hJ±(D|££c+'j&n D101 *< P MOS h7>yX 

^ptioi fc£tfPTio2 of— nzmmztixji U> 
h 5 ^— Eii»*<«fiE*3h^ coy — kndioi om&tf 

^SIEEVBi <h LTpMOS b^>^X£ P Tl9tf>^-- h 
(Ctt$&^H^ 0 pMOS h7>yX^ P T102 

tfctfnMOS h^>V^X^NTl03 tf> K L"f >|p|±(DfS 
JS^j^NDlOl ^nMOSh7yyX^PTl03 0>^r— 
MC«t*S*U *<D&8tS— KND102 *>&£SJ±VB2 
^nMOS h^>i>X£ NT15(D^~ H:itt*S£*t6o 
[002 1]fc nMOSh7>yX^NTl3, NT 
14, N T15 <D KLx-f M^ft&ll/lfc^ft^tl I 13 . I 
14. I 15N „ pMOS h7>yX^PTl7 ( PT18, P 
T15, PT16. P T19 lZ$l*l&m%L : £: J £tl : €1X I 17 . I 

is, H5P , He, 1 19 1 lt. ±mnf£\z&&mmz 

[0 0 2 2] £t\ tU^lSSOnMOS h^>vX£ NT 

y — Kn dii i4(5(SJStfeu^<;u (ov) cufey. n 

MOSh7>yX^NTl4, N T13 ItJl V b$~y~$~ & 0 
fit, J— KNDl3(4^fiWlCVDD ly^MZj&n^. 
p MOS h^>V>X$ P T17 ^^tt^^:/*^ I 17 ItlZtAj 

[0023] pMOSh7>vX*PTl7tpMOSh 
7>yX^ PT18 t(=J:y*U> h5^-lHlK*«/aL 
Tl^fc^pMOS h^>i>X^ PT18C0 KU-rXCjS 
tt^)lijSl18{4. P MOSh7yyX^PTl7tpMO 

s h7>yX^ P Tie <t(D K7yyX^t-f XOitlchk 

[0 0 2 4] 
[»1 ] 

/L17) ] ■ I 17 •■•(1) 
a*L-S«3SH5H 14 — ftT'fo&tzdh. I 15P = I 15N £ 

tty. MEim I4I5IS100%. P MOSh7yyX 

^ P T15 |C;lS*l^c P MOSh7>yX^PTl5 
ipMOS h?>yX^ P Tie <!:I4* Lx> K57- I1S8 

[0 0 2 7] 

[ift2] 
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I 16 = { (W16/U6) / (W15/ 
= { (W16/L16) / (W15/ 
[00 2 8] CttbCDC^cfcU. dj^lig^TOUT — COttS 

ASSEIout [4#<7><k5(::fc:£o 

I OUT = I 16 + I 19 

= { (W16/L16) / (Wl! 
[0030] C0)<h£. nM0Sh7>vX^NTl3O 
KU-f >^;7S I 13 fc^tfnMOS N T 14 <D 

KU-f >«3f[I 14(4. (51^0-efe^o Sot, pMOS 
h^VvX* PTisO KM >S;7S I is tfiiJraL. 
ISIR. tUM^pMOS h7>vX^PTi6(DKb>T> 
m%t I 16 14. I i8C0ii*PlC#tN. ig*D-f£o CtllC 

[003 1 ] ^(Dfc«B#a>ffi(BMB£ Lt^pMOS h 
^>v>X* PTi9(::<fc£7>f KU>^/«a I 19 COflMf*. 
fc£*_(4&)4. 8/iAt?fciJ, P MOSh7>vX^P 
TieCDKM 116(4. *!l2 8 0j[iA-efe^o 

[0 0 3 2] :*(;:. di^DlSCDnMOS h7>V^^ NT 

£;b*>. vin<vout 0>Ja£-i::ou-ci&Bj]-f £ 0 d<£>ii 

R^pMOS h^>vX$ PT11 (Dy— MC«<&**1 
£<t. J — KN Dn 0)ly><;U4. nMOSh7>vX^ 
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